Introduction. The aim of this case study was to compare selected kinematic parameters that characterise the back handspring technique performed by advanced artistic gymnasts. Material and methods. Three elite gymnasts with varied training experience were examined in the study. The athletes performed back handsprings video-recorded at a frequency of 120 Hz. The values of selected kinematic parameters were determined using SkillSpector v.1.3.2 computer software. Results. The most substantial differences between athletes were found in the values of the horizontal velocity of the centre of mass (CoM) at the end of the back handspring. The athlete with the longest training experience achieved values which were three times higher (1.04 m/s) than those obtained by the other two athletes with shorter experience (Gymnast 2: 0.36 m/s; Gymnast 3: 0.37 m/s). The horizontal CoM velocity at the end of the back handspring declined for all the gymnasts, with the smallest decrease observed for the athlete with the longest training experience (two-fold decrease from 1.95 to 1.04 m/s) and the biggest one found for the athlete with the shortest training experience (six-fold decrease from 2.18 to 0.37 m/s). The vertical CoM velocity increased in all the athletes in the consecutive phases of the back handspring; this increase was the biggest for the athlete with the longest training experience (five-fold increase from 0.71 to 3.42 m/s) and the lowest for the athlete with the shortest training experience (three-fold increase from 1.08 to 3.24 m/s). Conclusions. The results obtained in this study demonstrated both similarities and substantial differences in the technique of performing the back handspring in artistic gymnasts with many years of training experience. In most cases, the directions of linear CoM velocities and angular velocities were similar in the joints analysed. Very similar values of angular positions were also obtained. Furthermore, the values which turned out to be the most varied were those recorded for angular velocity.
Introduction
In artistic gymnastics, attaining a high level of achievement involves the performance of many technically complex acrobatic elements. Learning to perform particularly challenging moves takes from several to more than ten years of training. The individual exercises learnt in this period are later refined through repetition and combination with other elements so that they can be incorporated into the routines performed during competitions.
One exercise which is of essential importance to artistic gymnastics is the back handspring. It belongs to the group of backward acrobatic moves [1] , which are followed by a variety of acrobatic jumps [2, 3] . Arkaev and Suchilin [4] indicate that for elite gymnasts, the back handspring is an element included in gymnastic warm-up routines (using basic acrobatic moves). The technique used for the performance of the back handspring should be learnt relatively quickly in order for athletes to be able to focus on much more challenging acrobatic elements. It can be assumed that longer training experience, which is conducive to improving the move, should also contribute to improving the repeatability and correctness of the exercises. As noted by re-searchers in other sports, more experienced athletes are characterised by improved repeatability when performing specific motor tasks [5, 6] .
The technique of performing gymnastic exercises is affected by various factors, such as the athlete's training experience, somatic build, level of motor skills, and flexibility; the sports experience of the coach and their skills of verbal communication; and many others [7, 8, 9] . Learning, followed by regular work on the improvement of the acquired move, should involve regular verification of the performance level of each athlete. Apart from observation by coaches, detailed biomechanical analyses based on video recording are also utilised [10] . Such tools allow for a quantitative description of movement technique and a comparison between athletes based on the values of kinematic parameters obtained from the analysis.
The back handspring technique has been attracting much interest from researchers. One study [11] compared the results of a kinematic analysis of the back handspring performed by an acrobat and a ju-jitsu athlete. The authors focused on comparing the changes in the vertical position of the CoM in individual phases of the handspring and angular changes in selected joints of the lower and upper limbs. Penitente et al. [12] also carried Pol. J. Sport Tourism 2017, 24, 86-90 out a kinematic analysis of the back handspring performed by artistic gymnastics athletes at various levels of performance.
The aim of this case study was to compare selected kinematic parameters that characterise the back handspring technique performed by advanced artistic gymnasts with varied training experience. Apart from the assessment commonly used by coaches (or judges), the achievement of the study aim was also supported by video recording, which, used together with the SkillSpector computer software, made it possible to perform biomechanical analyses. The authors attempted to answer the question of how the training experience of advanced gymnasts affects kinematic parameters and how much these parameters differ between athletes with varying training experience.
Material and methods
The examinations involved three elite athletes practising artistic gymnastics. The characteristics of the gymnasts are shown in Table 1 . Each subject performed eight back handsprings (starting the move in a position with the arms stretched up), and the analysis was based on five items with the best level of technical performance. The technique was evaluated by three artistic gymnastics coaches who were also certified judges. The exercises were video-recorded at a frequency of 120 Hz using a Casio Exilim EX-FH25 digital camera. The values of selected kinematic parameters were determined using the 10-point two-dimension body model and SkillSpector v. Basic descriptive statistics were calculated, that is arithmetic means (x) and standard deviations (SD). Table 2 presents the horizontal and vertical velocities of the CoM at the boundaries between the back handspring phases.
Results
At the moment of toe take-off (B) that completes the lower limb take-off phase, the gymnast with the shortest training experience (G3) obtained the highest CoM velocities in both the horizontal (2.18 m/s) and vertical (1.08 m/s) directions. However, at the moment adopted as the final point of the back handspring in this study (F), the vertical velocity for this athlete rose (to 3.24 m/s), but it was lower than in the case of the other two athletes, whereas it decreased nearly six times in the horizontal direction (to 0.37 m/s). The highest values of the CoM velocities at the instant F were observed in the athlete G1 (1.04 m/s in the horizontal direction; 3.42 m/s in the vertical direction). CoM horizontal velocities at the instant F for the gymnast G1 were substantially greater than in the other two gymnasts (G2: 0.36 m/s; G3: 0.37 m/s).
In the consecutive instants of the back handspring (from B to F), the values of the CoM horizontal velocity declined for each gymnast. One exception was gymnast G1, for whom the velocity at the instant D was higher (2.22 m/s) compared to the previous instant (C: 1.53 m/s).
The directions of the CoM in the vertical axis were the same in all instants denoted by the symbols B, C, E and F. The CoM moved downwards only in the point D for gymnasts G1 and G3 whereas in gymnast G2, it moved upwards.
Maximum values of the standard deviation (SD) for CoM velocities in the horizontal axis were obtained for individual athletes at different instants of the back handspring. The gymnast G1 obtained this value at the instant E (SD = 0.75 m/s), the gymnast G2 achieved it at the instant D (SD = 0.14 m/s), and the gymnast G3 obtained it at the instant F (SD = 0.53 m/s). In the case of the vertical velocity of the CoM, the maximum standard Table 3 shows the angular positions of the knee, hip, and shoulder joints at the boundaries between the back handspring phases.
At the boundary between the take-off and the first flight phase (B), the gymnast G2 had the most flexed knee joints. The value of this flexion (angle between the thigh and lower leg) was 136°, whereas in gymnasts G1 and G3, these values were 148° and 146°, respectively. At the instant C, the value of the angular position in the knee joint in the gymnast G2 increased to 143°, whereas it decreased for the gymnasts G1 and G3 (by 116° and 126°, respectively). As far as the moment of hand take-off (D) is concerned, the values observed in G1 and G2 were similar to extended knee joints (178° and 181°), whereas in G3, insignificant flexion was found (173°).
At the end of the leg take-off (B) and in the beginning of upper limb support phase (C), the gymnast G1 obtained the highest values of extension (angle between the trunk and thighs) in the hip joint (B: 153°; C: 136°). The same athlete was characterised by the lowest flexion of the hip joint at the instant D (212°). As for the instants E and F, this flexion was similar in the three gymnasts studied.
Maximum SD values for the angular positions of the knee joint occurred at the instant C in all the gymnasts (SD = 5°, 4°, and 10°, respectively). The gymnast G2 also obtained the same value of SD (4°) at the instant E. Maximum SD values for the angular position of the hip joint were observed at the instant D (SD = 6°, 5°, and 6°, respectively). However, maximum SD values for the angular position of the shoulder joint were recorded at different instants of the move: at the instants C and F for G1 (7°), at the instant E for G2 (4°), and at the instant D for G3 (8°). Table 4 contains the results obtained for the angular velocity of the knee, hip, and shoulder joints.
The + or − signs for the angular velocity of the knee joint showed that the motion of extension occurred at the instants B and C and flexion was observed for the instant E for all the athletes. At the instant D (during hand take-off), G1 and G3 extended their knee joints at the velocity of 224°/s (G1) and 66°/s (G3), whereas G2 bent the knees at this moment with an insignificant velocity of −2°/s. Similarly, no similarities were found for the instant F, where, after the toe take-off, the gymnasts G1 and G3 bent their knees at the velocity of −225°/s (G1) and −86°/s (G3), whereas G2 extended the leg in this joint at 77°/s.
The extension or bending of the hip joint was similar in the athletes at all the analysed instants except for F. At this mo- ment of the move, G1 an G3 extended their hip joints (G1: 128°/s; G3: 98°/s), and G2 bent the hip joint at the angular velocity of −57°/s. In the case of the upper limbs, the same type of motion (flexion or extension) was recorded for the shoulder joint for all instants and all athletes. At the beginning of the back handspring (at the instant B), the greatest values of angular velocity in the knee joint (402°/s) and the hip joint (−661°/s) were obtained by the athlete G2, whereas the highest values for the shoulder joint were achieved by G3 (−924°/s).
In contrast to the other gymnasts, G2 was characterised by maximum SD values for angular velocity in all three joints at the instant F. This value was 163°/s for the knee joint, 69°/s for the hip joint, and 73°/s for the shoulder joint.
Furthermore, maximum SD values in the G1 and G3 athletes for angular velocity in the knee joint were recorded at the instant C (G1 and G3: SD = 334 and 249°/s, respectively), and those for angular velocity in the hip joint were obtained at the instant E (G1 and G3: SD = 244 and 117°/s, respectively). The maximum value of standard deviation for angular velocity in the arm joint occurred at the instant E in the athlete G1 (SD = 272°/s) and at the instant B in G3 (SD = 473°/s).
Discussion
This study compared the back handspring technique performed by advanced artistic gymnasts. This comparison was made based on selected kinematic parameters with their values determined at the instants adopted as boundaries for individual phases.
CoM horizontal velocity decreased for all the instants of the move in all athletes. One exception was found for the gymnast with the longest training experience (G1) at the instant D. Higher CoM velocity at this instant of the move compared to the previous instant (C) is likely to have been caused by knee extension in the upper limb support phase (C-D). As far as the beginning of this phase (the instant C) is concerned, the greatest knee flexion was found for the gymnast G1. However, at the instant D, the value of the angular position of the knee joint in this athlete was similar to extended knees (178°). Furthermore, the difference in the angular velocities of the knee joint between the instants C and D was the smallest in G1 (67°/s), which caused the highest angular velocity in this joint to be maintained at the instant regarded as the final point for the upper limb support phase (D). It is remarkable that shoulder take-off also occurred in this phase, affecting the quality of performing the second phase of the flight and the quality of the take-off that started the acrobatic jump.
However, it should be emphasised that, except for the lower limb support phases, knee flexion during the back handspring is regarded as an error by judges [1] . Research previously conducted by the current authors [9, 13] and by other authors [11] has demonstrated that athletes bend their knees as early as in the first phase of flight. Therefore, it seems that maintaining extended knees would have an adverse effect on the parameters of the move which determine the quality of the elements performed after the back handspring.
Although the CoM vertical velocities were similar in the gymnasts at the final instant of the back handspring (F), a substantially higher velocity in the horizontal direction was observed for the gymnast with the longest training experience (G1). The study by Penitente et al. [12] also showed that at the final instant of the back handspring, female gymnasts at various levels of sports performance obtained similar CoM vertical values (the instant E in this study) and more varied values for the horizontal direction. The results of the present study also indicate that despite obtaining the highest CoM vertical velocity at the instant B, the athlete with the shortest training experience (G3) did not sustain this advantage at the final take-off that completed the back handspring (F). Maintaining specific biomechanical parameters during the performance of the back handspring is also likely to determine the level of performance of a technically complex acrobatic jump.
The analysis of angular position in the knee joint carried out in this study revealed that at the end of the leg take-off phase (B), this position was greater (136° to 148°) than in the study by Ambroży et al. [11] , compared to the position of both an acrobat (110° to 115°) and a ju-jitsu athlete (103° to 109°). For the same moment of the move, lower values of angular position were found for the hip joint in the present study (153° to 166°) compared to the results presented by the above authors both for the acrobat (196° to 199°) and the ju-jitsu athlete (202° to 205°). The greater flexion in the knee joint and lower flexion in the hip joint meant that the athletes in our study took off more backwards than upwards compared to the two athletes cited in the above study. It is remarkable that the greatest upward takeoff was observed for the ju-jitsu athlete, followed by the acrobat and that the greatest backward take-off was found for the three artistic gymnasts analysed in this study (even with hyperextension in the hip joints ranging from 14° to 27°).
The shoulder joint flexion at the end of the hand take-off (D) recorded for the gymnast with the longest training experience (223°) was similar to that of the ju-jitsu athlete (221° to 230°) from Ambroży et al.'s study [11] and greater than those of the other artistic gymnasts in the current study (210° to 215°) and of the acrobat in the study cited (193° to 196°). The bigger flexion in the arm joint pointed to greater body inclination in this phase of the move. However, a comparison of the value of flexion in all the athletes did not show the effect of training experience on this parameter.
In terms of the angular velocities of the three joints analysed, the biggest variation of the results was found for the shoulder joint at the instant that completed the lower limb takeoff (B). The biggest angular velocity in this joint was obtained by the G3 athlete, and the lowest value was found for G2 (the difference between them was 664°/s). However, at each analysed instant of the back handspring, the direction of shoulder work (flexion and extension) was the same in all the athletes.
Sforza et al. [6, 14] have used the obtained values of standard deviations to interpret movement repeatability. Standard deviations calculated for the CoM vertical and horizontal velocities pointed to the best repeatability of these parameters in G2. This gymnast obtained the lowest SD values of all the three athletes. A lower SD value was only found for the gymnast G3, who had a two times lower standard deviation of CoM vertical velocity recorded at the instant F compared to G2. With respect to angular positions, the values of standard deviations for the three analysed joints were small for all the athletes. The maximum SD value was found for the angular position in the knee joint at the instant C in the athlete with the shortest training experience (G3). The biggest repeatability of these parameters was also observed for the athlete with 16 years of training experience (G2); another gymnast obtained smaller SD values only in two cases at the instant E: for the angular positions of the knee joint and shoulder joint. The best repeatability of angular velocities was also found for G2 at each instant of the move. Only the repeatability of angular velocity in the knee joint at the instant F was found to be better for G3. The fact that more favourable results in terms of standard deviation were found for the gymnast G2 and the gymnast G3 compared to the gymnast with the longest training experience suggests that it is likely that, at a certain stage of training, the level of repeatability of the move is affected by factors other than the years of training.
For artistic gymnasts with many years of training experience, the back handspring is a relatively easy move which they perform repeatedly. However, the results obtained in this study demonstrated both similarities and substantial differences in the technique of performing the back handspring. In most of the cases, the directions of linear CoM velocities and angular velocities were similar in the joints analysed. Very similar values were also obtained for angular positions (particularly at the instants A for all joints, E for the hip joint, and F for the knee and hip joints). Furthermore, the values which turned out to be more varied in the athletes concerned angular velocities (particularly at the instant B for the shoulder joint).
Conclusions
1. According to the coaches (judges) and based on a comparison of the values of kinematic parameters, all the athletes who participated in the study had a similarly high technical level. 2. The most substantial differences between athletes were found in the values of the horizontal velocity of the CoM at the end of back handspring. The athlete with the longest training experience achieved values which were three times higher than those obtained by the other two athletes with shorter experience. 3. Horizontal CoM velocity at the end of the back handspring declined for all the gymnasts, with the smallest decrease observed for the athlete with the longest training experience and the biggest one found for the athlete with the shortest training experience. 4. Vertical CoM velocity increased in the consecutive phases of the back handspring in all the athletes and was the biggest for the athlete with the longest training experience and the lowest for the athlete with the shortest training experience. 5. Angular position in the knee, hip, and shoulder joints at the boundaries of the back handspring phases showed small standard deviations in all the athletes (0° < SD < 10°), which suggests high repeatability of the move in these terms. 6. Angular velocity in the knee, hip, and shoulder joints at the boundaries of the back handspring phases obtained during flexion and extension showed high standard deviations in all the athletes (19°/s < SD < 473°/s), which suggests high variability among the kinematic parameters.
